We present time series data on the variable stars of the galactic globular cluster Messier 3 (M3). We give BVI C light curves for 226 RR Lyrae, 2 SX Phe and 1 W Vir type variables, along with estimated fundamental photometric parameters such as intensity and magnitudeaveraged brightness and pulsation periods. In some cases the periods we have found significantly differ from the previously published ones. This is the first published light curve and period determination for variable V266. The I-band light curve has not been observed previously for numerous (76) variables. Three new RR Lyrae variables have been discovered. Groups of RR Lyrae variables that belong to different evolutionary stages and have been separated previously on the basis of V data were found here for all colours and colour indices by cluster analysis. The I-band period -luminosity relation is also discussed. From the 66 modulated (Blazhko type) RR Lyrae stars we investigated, six are newly identified and two of them are first overtone pulsators. In the case of 13 RR Lyrae, the period of Blazhko cycle has been estimated for the first time. V252 is identified as a new RRd variable. Amplitude ratio of RRd stars have been investigated to search possible mode content changes. In contrast to previous publications no changes have been found. Problems with the sampling of the time series of typical cluster variability surveys is demonstrated.
INTRODUCTION
Multicolour photometry of RR Lyrae stars is very important for obtaining information on their physical parameters such as temperature, mass and luminosity. RR Lyrae stars in globular clusters deserve additional interest because they offer an excellent test for the stellar evolution theory and cosmological distance scale. Regular monitoring of clusters' variables is also essential to investigate various subtle effects, such as period and modal content changes of multimode RR Lyrae stars, or the Blazhko phenomenon.
M3 (NGC 5272; α2000 = 13 h 42 m 11. s 2, δ2000 = 28
• 22 ′ 32 ′′ ) has been target of a large number of different studies. Although it is the most variable-rich galactic globular cluster (with 274 catalogued variables, with most of these belonging to the RR Lyrae type), the number of high quality time series observations are still limited. Corwin & Carney (2001) (hereafter CC01) published a comparable amount of data in B and V colours to the dataset presented here. In addition, only three CCD-observations based publications exist with partial coverage of M3: Kaluzny et al. (1998) The lack of data on M3 inspired several time series studies; such as Mallik, Christensen & Saha (1999) , Uglesich et al. (2000) and Arellano Ferro et al. (2002) . The results of these investigations have not been published yet.
We started a multicolour BVIC CCD survey of globular clusters at Konkoly Observatory in 1998. The main goal of the project is to obtain high quality time series for as many globular cluster variables as possible. The instrumentation enables us to observe the clusters simultaneously with two telescopes (1-m RCC and 90/60-cm Schmidt), both equipped with CCD cameras. Their different fields of view (FOVs) make it possible to obtain images with sufficient resolution for accurate photometry of both the crowded central regions and the dispersed halos, respectively. In this work we present the observations of M3. Kaluzny et al. (1998) , 'C' - Carretta et al. (1998) , -'H ' Hartman et al. (2005) , -'RCC' + 'SCHMIDT' -present work. Corwin & Carney (2001) have used a slightly larger FOV than 'SCHMIDT'.
OBSERVATIONS AND DATA REDUCTION

Observations
The observational material of M3 was obtained in two seasons (1998 and 1999) with two telescopes (see Table 1 for details). Both telescopes are mounted at Piszkéstető Mountain Station of the Konkoly Observatory. The 60/90/180-cm Schmidt telescope is equipped with a CCD camera by Photometrics Inc. having a Kodak KAF-1600 1024 × 1536 chip. The setup yields a 19 ′ × 28 ′ FOV, with 1.
′′ 0/pixel resolution. The 1-m RCC telescope was used with two cameras. In 1998 a camera constructed by Wright Instruments was attached to the Cassegrain focus. This device contains an EEV CCD05-20 800 × 1200 chip that corresponds to a 4 ′ × 6 ′ FOV with 0.
′′ 35/pixel resolution. In 1999 a Photometrics camera was used. Its basic parameters are: Thomson 7896M 1k×1k chip, 5 ′ × 5 ′ FOV with 0.
′′ 29 resolution. For the calibration process of the cameras and other technical details see Bakos (2000) . Standard Johnson BV and Kron-Cousins IC filters were used for all observations. From now on the band-index C is generally omitted.
The total number of images are 521 in V, 226 in B and 384 in I. Sky flats (or alternatively dome flats) were taken as main calibration images. Each night some bias frames (5-50) and dark images (with 3-5 minutes exposure times) were also taken.
The relative positions for the fields-of-view and the cluster for previous studies and this work are shown in Fig. 1 . The FOV of our frames allowed us to get light curves from almost all variables of the cluster. The nomenclature of variables used here are the same as in the General Catalogue of Variable Stars in Globular Clusters (Clement et al. 2001 , -hereafter The Catalogue).
Data reduction & photometry
We used the IRAF/CCDRED 1 package for the standard reduction procedures: bias, dark and flat field correction. Other corrections (e.g. deferred charge, non-linearity) were also investigated, but they were found to be unjustified to apply. The brightness of stars were determined first by using the aperture photometry task DAOPHOT/PHOT of IRAF. This method provides robust flux estimates with small errors for isolated stars, and were used for variables that lie in the outer parts of Schmidt frames (method A).
Image subtraction photometry
In the case of variable star photometry on globular clusters the Image Subtraction Method (ISM) (Alard & Lupton 1998 , Alard 2000 is more efficient and accurate than the traditional PSF fitting methods, such as DOPHOT (Schechter, Mateo & Saha 1993) or DAOPHOT (Stetson 1987) : more variable stars can be measured in the dense regions, and the r.m.s. of the light curves is also significantly better. We used different versions of the Alard's ISIS software package 2 as an implementation of ISM. In practice, the program was run several times by varying the most important parameters (nstamps x, nstamps y, half mesh size, half stamp size, saturation, deg spatial) to obtain optimal subtractions. Fig. 2 demonstrates the effectiveness of the method by showing an original and a subtracted frame.
Different versions of ISIS occasionally resulted in bad photometry for several stars. Typical errors were: apparent hump(s) in the light curve, smaller amplitude than expected (amplitude errors), or unexpectedly high r.m.s. To check on these problems the IRAF/PHOT task has been run on the subtracted images. Fortunately, this simple trick has solved almost all trouble. Hence this type of photometry was also used alternatively.
The ISM method gives differential fluxes of objects with respect to their fluxes measured on the reference frame. For the instrumental magnitudes we need to determine the magnitudes and fluxes for each variable in the reference frames as accurately as possible. To get these zero points, we performed PSF photometry Figure 2 . A typical result of the subtraction process applying the ISM method. The left panel shows the most crowded central part of a V frame of the Schmidt telescope, and the right panel shows the same area after subtraction. It is easy to identify the variables (white and black spots depending on whether they are brighter or fainter compared to the reference image). The other stars practically disappeared, except for few saturated ones.
using IRAF/DAOPHOT with variable PSF for the photometric reference images (one for each colour and camera). The problems of the transformation to magnitude scale have been discussed elsewhere (Benkő 2001) . The zero-points were derived from either the RCC telescope's data (method R, in case the star was within the RCC field boundaries) or from the Schmidt frames, when it was not measured by RCC telescope (method S).
In the case of variables that are both on the RCC and Schmidt frames, RCC telescope data were used as a reference and the Schmidt telescope data were transformed to the RCC. In order to compute the proper zero point values the two light curves were cross-correlated by a 2D Kolmogorov-Smirnov algorithm (see Press et al. 1992 ). For stars with variable light curve (e.g. Blazhko effect, RRd type) light curve parts of simultaneous nights (1998 May 9 & 10) were used.
The three type of photometries (A, R, S) were tested whether they give homogeneous results or not. Our average magnitudes (see Sec. 3.1.2) were cross-correlated with CC01's ones for the stars in common. For a given colour all three methods yielded the same linear correlation: parameters of the least-squares fits agree within the regression error.
Transformation into the standard system
The instrumental magnitudes were transformed into the BVIC Johnson-Cousins system. The standard sequence published by Stetson (2000) was used as a source of standard magnitudes. Stars that are not well separated in our frames have been omitted from these data sets. Even so, dozens of standards remained for all bands. Let us consider the colour equations as where the designations are the usual: B, V, I are the transformed and mv, m b , mi are the instrumental magnitudes, k ′ s are the extinction coefficients, and X is the air mass, ε, µ, i are the telescope constants and ξs are the zero points. The telescope constants for the reference images have been determined by linear least-square fitting.
As the telescope constant ε in all cases turned out to be zero within the error all coefficients were calculated with the value of ε = 0. The obtained values are shown in the Table 2 . Typical error of an individual measurement is between 0.01 -0.02 mag in the bands V and I and 0.03 -0.04 mag in B.
ANALYSIS AND RESULTS
Parameters of the light curves
We are presenting data here on 238 variable stars, three of them are new discoveries. The light curves of V266 are given for the first time. The construction of our observational database 3 is simple: each star has three separate files including the heliocentric Julian date (HJD) and magnitudes in the Johnson-Cousins reference B, V and I, respectively. 
Periods
Each variable star was analyzed to find its period by using a period search on the V data. Discrete Fourier Transformation was applied by using the facilities of the program package MUFRAN (Kolláth 1990 ) or a Phase Dispersion Minimization (IRAF/PDM, Stellingwerf 1978) depending on the time distribution of collected data. Periods of the literature were accepted where the newly determined periods do not differ significantly from the old ones. The V phase diagrams are shown in Fig. 5 .
In the period search, outlier data points were omitted from the light curves manually. Generally, those isolated points were rejected that deviated by more than 3σ from the fitted curve. In some cases, when a variable is lying near to a bright star, complete nights have to be excluded if the neighbouring bright star was saturated and therefore the ISM did not work well.
In the figure 3 we show "fundamentalized" period (for definition see van Albada & Baker 1973) distribution from our (re)calculated periods. The peaked period distribution of M3 was already obvious in figure of Oosterhoff (1939) but only Castellani & Tornambé (1981) and Rood & Crocker (1989) revealed that it is an evidence of peculiar distribution of stars within the instability strip. Catelan (2004) has reached the conclusion that this peaked period distribution might pose troubles for conventional stellar evolution theory. Assuming a bimodal mass distribution Castellani, Castellani & Cassisi (2005) obtained reasonable agreement between standard evolutionary model and observed period distribution. Therefore they do not believe in serious problems in connection with canonical models and rather prefer Catelan's suggestion: "M3 might be a pathological case that cannot be considered representative of the Oosterhoff I class". Although the evolutionary theory is beyond the scope of this paper we add further argument to latter statement in Sec. 3.3.2.
Average brightnesses
Following this, a least-square fit of a Fourier sum containing 5 -15 sine terms was calculated.
Mean magnitudes were derived by averaging over the pulsation cycle of these fitted light curves both in intensity (then converted back to magnitude) and magnitude scales. Throughout this paper, the magnitude-averaged mean brightness is denoted by B, V and I, and B , V and I symbols indicate intensity means.
This process, however, might result in erroneous values for RR Lyrae stars with Blazhko effect because Blazhko cycles have no complete coverage. Investigating Blazhko type RR Lyrae in LMC Alcock et al. (2003) have concluded that the average brightnesses varied by less than 0.006 mag over the whole Blazhko cycle. Therefore, using some subsequent nights' observations, well covered phase diagrams had been constructed for each Blazhko type RR Lyrae star, and then the average brightnesses were calculated from these phase diagrams. For about a dozen stars there was more than one possibility to make a good phase diagram. In these cases the average magnitudes were calculated from each diagram separately. By comparing the mean magnitudes of the same star at different Blazhko phases we found that the values are the same within 0.01 mag.
Classification
We measured 226 variable stars classified as RR Lyraes, 169 out of these turned out to be fundamental mode pulsators (RRab) and 48 to be first overtone pulsators (RRc). Nine variables have been found to pulsate in two modes simultaneously (RRd). We have found 64 amplitude and/or phase modulated (Blazhko effect agrees well with that of Moskalik & Poretti (2003) as determined from the OGLE I data of the Galactic bulge. Measurements in LMC resulted in a much lower rates: 11.9 per cent from MACHO data (Alcock et al. 2003) and 15 per cent from OGLE II survey (Soszyński et al. 2003) , respectively.
Catalogue of variables
Basic parameters of the light curves are summarized in Table 4 . In column 1 the ID comes from The Catalogue. Column 2 shows the pulsation period, column 3 the type of variability, columns 4--9 the magnitude and intensity averages. Column 10 reference letters indicate the type of magnitude transformation: 'A', 'S' and 'R' (see Sec. 2.2 for the details). In the last column comment 'Bl' indicates Blazhko type variability, 'm' merging with nearby variable or a saturated bright star and 'c' extra comments in the text. The second (non-dominant) period of double mode RR Lyrae is also shown in this column. When our data have no complete phase coverage, the average brightnesses were derived by using all published data shifted to our ones. Comment 'a' refers to this. The colon at an average magnitude indicates noisy or gappy light curve and at a reference letter it means a doubtful zero point of the magnitude transformation.
Numerous stars can be found in The Catalogue, which turned out to be non-variable. We summarized our observations on these constant stars in Table 3 . It has to be mentioned that even the newest on-line version of The Catalogue 4 contains position errors. The column declination must have been shifted accidentally by one line at the variables V238, so the declinations of V238, V239 are wrong. In the Table 5 the correct positions are repeated to avoid any further confusion.
New variable stars
During our preliminary data processing six new variable stars have been discovered and published elsewhere . We searched for additional new variable stars in 'variability images' prepared by ISIS. Scanning these images three additional new variables have been identified. They are designed as N1, N2 and N3 (for finding charts see Fig. 4 ). To verify their positions and light curve parameters turned out that N1 and N3 are the same stars as NV291 and NV292, respectively in the meantime published study of Hartman et al. (2005) . The colour indices, period and light curve shapes suggest that N2 is a new RRc type star.
When the images of two (or more) variable stars are blended their light curves became confusing. This was the situation in the case of the light curves of V250 and V270 (see Fig. 5 ), albeit no close companions were known to them. By inspecting the subtracted images we have found several ones in both cases in which two close variable stars can be separated. The blended light curves suggest that in both cases two RRab stars are merged. We have split their notations into two as V250n, V250s and V270n, V270s as in the similar situation of V4. Positions of all new variable stars are given in Table 5 , and finding charts in the Fig. 4 After the appearance of the latest version of The Catalogue some suspected new variables were reported in S02. We scanned our images to confirm their discoveries, but it was not successful in any cases. 1 The members of the groups are signed by these ID-s in Table 4 . 2 The number of these stars are differ in 1-2 from the number of stars given by Jurcsik et al. (2003) , because we used only those stars which have good phase coverage from our observations themselves.
Single mode RR Lyrae stars
Mean magnitudes
As Marconi et al. (2003) have shown the intensity-averaged mean magnitudes of RR Lyrae stars are approximated well by the physically relevant static brightness. The difference between static and mean magnitudes depends on the amplitude but the maximum value 4 Available at http://www.astro.utoronto.ca/ ∼ cclement/cat/listngc.html.
of this correction would be only ∼ 0.02 mag for the highest amplitude variable star in our sample of M3 (V148 at AV = 1.38 mag). Hence, throughout this section we investigated intensity-averaged mean magnitudes without corrections. Cacciari, Corwin & Carney (2005) (CC05) have compared the intensity-averaged magnitudes among data from CC01, C98 and K98 in details. Observations in B and V bands from CC01 data were found significantly brighter than from C98 and a slightly brighter than V data from K98. We found our V and B magnitudes of common 92 non-modulated RR Lyrae stars to be 0.018 and 0.013 mag fainter then those of CC01. As CC05 pointed out the zero point of I magnitudes of C98 is too faint. On the basis of 46 RR Lyrae stars in common with C98 data sets the zero point shift between our and C98 data is −0.044 mag while CC05 estimated the zero point shift between standard magnitude scale and C98 one's from the reddening calibration formula as −0.08 mag. We performed a similar comparison between H05's data and ours. Data from H05 proved to be brighter than ours for bands V and I with 0.017 and 0.016 mag and 0.008 mag fainter in band B .
These differences are certainly related to the long standing problems of absolute calibration.
Colour -magnitude diagrams
As it is well known the colour -magnitude diagram (CMD) of the horizontal branch of globular clusters shows, in general, a good separation between variable and non-variable stars. Hence, we have investigated the instability strip of the horizontal branch in the [ B − V ] ( V ) and [ V − I ]( I ) CMDs simultaneously to check the completeness of variables' list. However, no additional variable stars have been found, but four non-variable stars seem to be located in the instability strip.
To decide whether these stars are members of the cluster or not, the literature (Cudworth 1979 , Tucholke, Scholz & Brosche 1994 was looked through to get proper motions of these stars but unfortunately, no measurements have been found. These stars are most likely in the foreground. But if any of them proved to be a member of the cluster, it would be a serious challenge to the pulsation theory. The position of these problematic stars is given in Table 5 . CC01 also reported eight constant stars in the instability strip of their B−V, V CMD, but without position, therefore, we could not compare them with our ones.
The separating lines between the B − V colour for variable and non-variable stars are ∼ 0.16 mag at the blue edge of the instability strip and ∼ 0.43 mag at the red edge. The dividing line between the RRab and RRc variables is about 0.21 mag although this separation is less definite than in magnitude-averaged magnitudes. The borders of the instability strip in the [ V − I ]( V ) CMD are 0.25 mag and 0.55 mag. While the dividing line between fundamental and overtone pulsators is about 0.35 mag. Comparing these values with previous studies we found that both the blue and red edges of our instability strip are slightly bluer than from data of H05, but similar to C98, CC01. The width of instability strips are, however, the same (∼ 0.27 mag) for all three cases. Jurcsik et al. (2003) have studied relations in V mean magnitudes and light curve parameters (viz. period and Fourier coefficients). Four subgroups were separated from non-modulated RRab stars according to their brightness and light curve shapes and these groups were interpreted as different stages of horizontal branch stellar evolution. The brightest group shows Oosterhoff II properties as opposed to the other three ones. This result suggests that the Oosterhoff dichotomy of the Galactic globular clusters is to be an evolutionary effect and M3 is not a typical Oosterhoff I cluster. In Table 4 these groups of RRab stars are marked with number 1-4 from the faintest group to the brightest one. Recently CC05 have questioned the existence of these four groups. They found a bimodal structure in the magnitude distribution: a brighter group at V = 15.52 ± 0.02 (which is in the same position as the brightest group of Jurcsik et al. 2003) , and a main body at V = 15.64 ± 0.04.
Through this subsection we have reanalysed those nonmodulated RR Lyrae stars which were selected by Jurcsik et al. (2003) on the basis of their good quality light curves. We have examined all colour -magnitude relations with the cluster analysis, an efficient multivariate statistical method, to point out the solidity of identification of these groups. (We refer here to the book of Murtagh & Heck (1987) as an excellent introduction to the method.) The Ward's minimum variance method was chosen from the many different clustering algorithms which is generally a very robust process. (It should be mentioned, that the average linkage method has also fit well for the data and yielded very similar results.) The algorithm is a hierarchical type clustering which does not assume any prior knowledge about the number of clusters. Finding the right number of clusters is based on a horizontal "line draw" through the resultant hierarchy represented by a dendrogram. The choice of where to draw the line is derived from large changes in the criterion value. Fig. 7 shows the criterion value -cluster number functions obtained from different standardized data sets where in addition to our data CMDs were also used from CC01 and H05 of stars in common with our sample. Most functions belonging to different data sets have a well defined cut-off point where the criterion value dropped. The [ B − V ]( V ) ratios derived from CMDs, based on H05 and our data set, suggest four clusters. Other CMDs obtained from CC01 and present observations seem to segmented into three clusters. The cut-offs are less specific at the functions of H05 data because of the small number of common stars (49-59 depending on colours).
To investigate the connection of signed groups in Figures 6, 8 -9 and groups found by the cluster analysis the star content of each cluster has been checked and the result are given in Table 6 . a) When we assumed two subgroups according to CC05 and groups signed with 1, 2 and 3 by Jurcsik et al. (2003) were handled together while group 4 remained separated the two clusters obtained from cluster analysis corresponded well to these sets both in number of elements and star content. In the case of [ B − V ]( V ) CMD both analyses yielded 76 and 14 members clusters with 75 and 13 overlapping of star contents, respectively. Similar connections can be realised for the [ V − I ]( V ) CMD but less overlapping star contents. Using elementary formulae of statistics the probabilities of such a connections are p = 1.17 · 10 −13 and p = 4.8 · 10
−12 , respectively. Overlapping structures for the other two CMDs are not statistically significant. b) However, our cluster analysis suggested at least three clusters (Fig. 7) . In the models with three sets (groups 1+2, 3 and 4 vs. three clusers
CMDs yielded again satisfactory result. The probability that these structural similarities are only incidental is very low p = 6.2 · 10 −15 and p = 3.4 · 10 −14 . c) No significant connections were found between four groups and four clusters models.
As a conclusion of this section we say that our cluster analysis on CMDs found the same two sets of stars as they were found on the basis of Bailey diagram and period distribution by CC05 and the same three sets which were identified by Fourier parameters in Jurcsik et al. (2003) .
Period -brightness and period -colour relations
In the panels of Figure 8 the magnitudes vs. period are plotted where the four above discussed luminosity groups are indicated with the same symbols as in Figure 6 . The highest scatter of plot P ( B ) is originated probably not only on account of the higher noise level of observations, but due to the fact that the effects of luminosity and temperature variations upon the expected periods are almost orthogonal in this plane (see Catelan, Pritzl & Smith 2004 ).
In the panels of Fig. 8 RRab and RRc stars are well separated, except for four variables: V70, V129, V170 and V261. Most likely, these variables belong to a distinct group on the basis of their common properties. They have asymmetric light curves with amplitude between RRab and RRc variables. Their periods are also between those of the two groups and mean brightnesses for all filters are higher than the other RR Lyrae stars at a given period. V70, V85, V129, V170 and V177 have been characterized by CC05 as "long P / overluminous" stars. H05 and present data show V85 and V177 to be regular RRc stars.
A definite correlation can be seen between period and magnitude I of RRab stars. Applying a linear least-square fit for 76 non-modulated RRab variables, we have found
with rms = 0.04 mag. To our best knowledge the work of Layden & Sarajedini (2003) was the first paper in which a periodluminosity type relation was derived in the I band for the RR Lyrae stars in NGC3201. Pritzl et al. (2003) discussed this relation in the case of the globular cluster NGC6441. Catelan et al. (2004) demonstrated that this type of relations must exist. They plotted period-luminosity type graphs in standard U BV RIJHK photometric bands, for some different metallicities and horizontal branch morphologies (evolutionary states) based on synthetic horizontal branch calculations. Fig. 6 is qualitatively similar to figs 6-9 in the paper of Catelan et al. (2004) . In addition, we derived the periodluminosity relation for M3 with the formula given by Catelan et al. (2004) accepting the parameters Lee-Zinn type horizontal morphology index and metallicity as 0.282 and Z = 0.001, respectively. The result is MI = −1.644 log P − 0.234 which is also close to the observed relation Eq. (2). We have to mention that no clear correlations can be identified for RRc variable stars in contrast to RRab ones. However, converting the periods of RRc variables to their fundamental mode equivalents (P f ) RRc stars fit well to the period -I relationship extending it to shorter periods. What is more, fundamentalized periods of overtone pulsators define the same relation within the fitting error (rms = 0.07 mag) as Eq. (2): I = −1.486 log P f + 14.748. The range of period for the RRc stars is smaller than for RRab, so the relation between period and I is naturally less evident and noisier than from RRab stars but it is even so significant.
In Figure 9 the log P -colour relations are plotted. To harmonize CC01 data with the theoretical models Marconi et al. (2003) assumed an increasing in the mixing-length parameter from 1.5 to 2.0 from the blue edge to the red one. In the upper panel of the Fig. 9 the predicted edges of the instability strip at the mixinglength parameter 1/Hp = 1.5 (taken from the paper Marconi et al. 2003) are also shown. On the basis of our data also an increasing mixing-length parameter seems to be adequate but varying form ∼ 1.1 to ∼ 1.5. Considering interstellar reddening the situation does not change much because the reddening is E(B−V ) = 0.01±0.01 for M3 obtained by different methods (for a review see CC05).
Variable stars with Blazhko effects
The amplitude and/or phase modulation of several RR Lyrae stars was discovered by Blazhko (1907) , but the correct explanation of the effect is still missing (see Dziembowski & Mizerski 2004 for present situation). Since M3 contains the highest number (∼ 70) of RR Lyrae stars in one cluster showing Blazhko effect, this offers a unique opportunity to investigate this interesting phenomenon. Unfortunately, the typical accuracy of the earlier photographic observations (see for a review and complete references Szeidl 1965 , 1973 , Kukarkin & Kukarkina 1961 , 1970 , Welty 1985 were inadequate to studying the Blazhko effect in details. A basic parameter such as the period of the Blazhko cycle was determined only for one star (V5 by Panov 1980) . On the other hand, high quality CCD observations are badly sampled and they typically consist of about a dozen of nights spreading over 1-3 years.
Studies based on the large surveys (MACHO: Alcock et al. The light curves of all observed RR Lyrae stars were searched for modulation. Revising the literature from point of view of Blazhko behaviour some controversial cases were found. In the cases of V10, V22, V54, V44, V140 and V218 the Blazhko modulation was verified. In the case of V18 we cannot detect any light curve variations on the basis of all CCD observations in contrast to earlier photographic studies. In addition, we found evident light curve changes for V104, V168, V172, V191 and V211 for the first time. Details of individual stars are discussed in Sec. 3.6.
Our technique for obtaining average brightnesses of Blazhko stars is described in Sec. 3.1.2. The distributions of Blazhko type RR Lyrae in the period -luminosity diagrams are similar to the non-modulated variables, but their numbers are significantly less at longer periods (higher brightnesses). Alcock et al. (2003) found a similar effect in the case of LMC variables and CC05 demonstrated it in the case of M3 as well.
Search for Blazhko period
The period of Blazhko cycle is an important parameter of these stars. Since the typical modulation period is about 10-500 days , it cannot be determined from a data set optimized to pulsation cycles of RR Lyrae stars. To determine Blazhko period all CCD V data of all modulated RR Lyrae stars in the cluster were collected. In preparing homogeneous data sets we had to take into account the zero point shifts among different photometries which differ from star to star. Jurcsik et al. (2005a) have demonstrated that the light curve changes are concentrated in a narrow phase interval (∼ 0.2) of pulsation: 0.4 -0.6, if maximum is at 0.5. We confirmed this result for all RR Lyrae stars in M3 with pure amplitude modulation. The residual phase diagrams folded with pulsation period after prewhitening with the mean pulsation light curves clearly showed the narrow range of variability. Strong phase modulation, however, removed the effect.
Applying this result we prepared phase diagrams for each Blazhko type star from each pair of data sets containing the present and one of the published data sets. Phase diagrams were divided into 10-15 bins, then the average of standard deviations of the bins (ASDB) was calculated so that bins around the maximum phase were omitted. We searched for the minimum of the ASDB while data set taken from the literature was shifted by 0.01 mag at each iteration. The shifting value at the minimum of the ASDB yielded the proper zero point to combine a given pair of data sets. The process was carried out for each star and pair of data sets. Figure 10 demonstrate the process of modulation period search. The spectra were computed by discrete Fourier algorithm included in MUFRAN program package by Kolláth (1990) . The combined data were Fourier analyzed to refine the pulsation frequency. The prewhitened spectrum (with the pulsation frequency and its harmonics) was searched to find close frequenci(es) to the main one. To verify the estimated modulation frequency window spectrum was compared with the spectrum of data and light curve folded with modulation period was also prepared. The results of this period search are shown in Table 7 . For 13 variable stars a more or less established value of modulation period has been found for the first time. Length, distribution and/or quality of data of other stars were not sufficient for finding a modulation period. Let us mention here that just four stars (V10, V34, V66, V67) are included in all published CCD surveys (C98, K98, CC01, H05 and present work)! Only 37 stars were observed at least in 40 nights by CCD which amount of observations proved to be necessary to estimate a Blazhko period. The found periods are within the normal range of Blazhko cycles and far below the borderline of limit periods discovered by Jurcsik et al. (2005b) .
Some words about modulated overtone pulsators V140 and V168. There were found frequency triplets/doublets at numerous RRc stars in different globular clusters (Olech et al. 1999a , Walker 1994 , Clement & Rowe 2000 , but no previous studies reported modulated RRc stars in the case of M3. As it was stressed above combining of different photometries works properly only for pure amplitude modulation. V140 and V168 have strong phase modulations and their amplitude changes are only marginal so their different photometric data sets had to be analyzed separately. In the Fourier spectrum of prewhitened data of V140 two peaks and their harmonics appeared equidistantly from the main frequency and its harmonics respectively, indicating a modulation period about 9 -14 days. However, consistent period could not be found. In contrast to V140 the residual spectrum of V168 shows only one peak and its harmonics at f1 = 3.4754158 day −1 . If we interpret it as f1 = f0 − fm modulation frequency the Blazhko cycle would be 6.743 days. An alternative explanation for the peak is excitation of a non-radial mode as it was discussed by Olech et al. (1999a,b) .
Double mode RR Lyrae stars
Presently 74 galactic globular clusters are known containing RR Lyrae stars (Clement et al. 2001) . About 3 per cent of the total number of ∼ 2000 cluster RR Lyrae stars are double mode (RRd) pulsators. Their distribution among clusters is, however, highly non-uniform: only six clusters (NGC2419, M68, M3, IC4499, NGC6426 and M15) contain at least one RRd stars. The richest clusters in double mode RR Lyrae stars are M68 (12 RRd, 29 per cent), M15 (17 RRd, 19 per cent) and IC4499 (17 RRd, 18 per cent). The rate of RRd stars of M3 (9 RRd, 3 per cent) does not exceed the averaged rate. But it is still noteworthy since we know clusters overall rich in RR Lyrae stars but no RRd stars were detected in them (e.g. ω Cen, M62, M5).
A series of studies (Nemec & Clement 1989 , Corwin, Carney & Allen 1999 , Clementini et al. 2004 , and further references therein) revealed double mode RR Lyrae content of M3. In these studies eight stars were identified as RRd variable: V13, V68, V79, V87, V99, V166, V200 and V251. Hartman et al. (2005) have suggested additional four double mode candidates: V252, V253, V270 and NV290. They stressed that the multi-periodic behaviour of these stars were determined by eye without systematic search so we have investigated light curves and Fourier spectra of the first three candidates. V252 proved to be an RRd variable indeed (see the following section). As it was mentioned before, the strange brightness variation of V270 is caused by two overlapping RR Lyrae stars and V253 seems to be a normal RRc star.
V252 as a new RRd star
From our light curves it turned out that V252 shows double mode behaviour. The uppermost panel in Fig. 12 presents the amplitude spectrum of the V data. The next panel shows the spectrum after prewhitening with the dominant frequency f1 = 2.97628 day −1 and its six harmonics. The third panel is a plot of the prewhitened spectrum with f0 = 2.208528 day −1 and its seven harmonics. In this spectrum the linear combinations of the two radial modes f1 + f0 can clearly be identified and we get the fourth spectrum after that we whitened out with it. The f1 − f0 linear combination is much less significant than f1 +f0 in the previous spectrum, however, considering this odds the r.m.s. of the least square fitted light curve has been improved well. The lowest panel shows the final whitened spectrum. No additional peak can be recognized. Fig. 11 was obtained so that the light curve was fitted simultaneously by all frequencies obtained from the above process. The 1σ error of the fit is 0.04 mag which is slightly larger than the intrinsic observational error indicating other linear combinations and/or higher harmonics in the data. Because of their low amplitude it is impossible to find them from these data. 
Period and period ratios
The periods of all measured double-mode variables were determined as it was described for V252 (see Tab. 4 for the values). The periods determined by us are generally in good agreement with the values given by CC04. The period of fundamental mode (P0) of V79 started to decrease drastically in the middle of the last century (Clement & Goranskij 1997 ) and we found it still decreasing. The collected data from the two recently recognized RRd stars V200 and V251 allowed us to specify their periods. The new periods and period ratio of V200 have placed it among the 'normal' doublemode RR Lyrae stars as opposed to the work of CC04. However, the Petersen diagram of the cluster in Fig. 13 shows that V13 is very far from all other RRd stars. What is more, V13 has the smallest period ratio (∼ 0.734) known among double mode RR Lyrae stars. The period of V13 has been decreasing dramatically: it was P0 = 0.4830311 d in the 60s (calculated from the data of Szeidl 1965) and it is now P0 = 0.4795043 d. Both facts are alluding to strong evolutionary effects. V13 is maybe a 'transient' doublemode pulsator and not a 'stable' one (for definition of terms see Szabó et al. 2004) .
Sudden changes in modal contents
Concerning its double mode pulsators M3 seems to be unusual. The cluster is unique among the galactic globular clusters in that it has RRd variable stars with a dominant fundamental mode: V13, V166 and V251. Only very few RRd variables are presently known to have a dominant fundamental mode, and they all are field variables: AQ Leo, NSVS 5222076 (Oaster, Smith & Kinemuchi 2006) and some stars in the LMC (Alcock et al. 2000) .
M3 is so far the only cluster in which RRd stars have been observed to switch from one dominant mode to another while remaining RRd type variables. Variations in the doublemode behaviour were observed in a number of RRd variable stars (Jerzykiewicz, Schult & Wenzel 1982 , Jurcsik & Barlai 1990 , Clement, Ferance & Simon 1993 , Purdue et al. 1995 . These variations concern initiation or cessation of the double-mode behaviour and changes in the length and amplitude ratios of the two periodicities. None of these studies reports a switch between dom- It has to be stressed, that except for V79, the alleged mode switching was found within 1-2 years long time series. The ques- tion is whether they were real effects or just artifacts of data distributions?
To answer the question the best of (longest, homogeneous) CCD data sets were chosen as reference light curve for each RRd stars and were Fourier analyzed. First the frequency of the dominant mode was determined, then, after prewhitening the data with this frequency and its low order (7-15) harmonics, the frequency of the other mode was searched. If the spectral window did not allow to make clear distinction of the true period because of severe aliasing, then that possible frequency was accepted which was the closest to the frequency of a given mode as determined from other observations.
Using the found frequencies of the fundamental and first overtone modes, their harmonics and linear combinations in each data set, least square fit solutions were calculated in order to determine the amplitudes. The fitting formula was
where the designations are the usual: the Fourier amplitudes, aij , phases, ϕij , the epocha, t0, the frequencies, νij = if0 + jf1, i and j integers. As the parameters of the fits proved to be very sensitive to the number of harmonics and linear combinations concerned, we used only those components which actually appeared in the Fourier spectrum.
The modal content of the pulsation is quantified by the amplitude ratio A1/A0: Fourier amplitude of the first overtone mode A1(= a01) divided by the amplitude of fundamental mode A0(= a10). We would like to emphasize that the amplitude ratio defined above may differ significantly from the ratio of the total amplitudes which is generally used in the literature (e.g. Nemec & Clement 1989 , Corwin et al. 1999 .
The estimation of errors of amplitude ratios yields the key to justifying their possible changes. The systematic errors of the amplitude ratios were calculated by a simulation: synthetic time series were generated using the actual frequencies, amplitudes, phases of reference light curves with observational times of data sets from which mode switching were published. Fourier parameters were determined in the same way as for the reference data in 1000 simulations/each data set/each star. The initial epoch of simulated light curves (T0) was shifted at each iteration steps with 0.01 days and white noise was also added with variance corresponding to the observed data. The mean results of these tests are plotted in Fig. 14. • The errors of the amplitude ratios could be an order of magnitude higher than their fitting errors.
• The same sampling rate yields strongly different accuracy of amplitude ratio from star by star. Therefore, improving of time coverage of data reduces the systematic error but not equally.
• The amplitude ratios were severely affected by the value of the initial phase in those cases when only few nights of observations were involved even in high precision CCD observations. These results suggest that the formerly published mode switching events were over-interpretations of badly sampled observations. This conclusion are also supported by the theoretical calculations of Buchler & Kolláth (2002) who showed that the modeswitching time scale is about hundred years in the most dramatic case.
Long time-scale stability of modes
To investigate the mode switching phenomenon in longer timescale all published photometry (both photographic and CCD) was collected. Six RRd stars (V13, V68, V79, V87, V99, V166) have sufficient amount of historical data to study the possible long term changes of modal content. In the case of V13 and V79 no alternate periods have been found from any parts of historical data while due to their central position V200, V251 and V252 have not any old observations at all. For a practical review of published measurements of the remaining four stars see the lower panels of Fig. 15 where all different data sets are plotted denoting by different symbols.
The data were divided into groups containing as many measurements as possible in a moderate lengths of time interval where the periods seem to be constants. When different photometric observations belonged to the same group, zero point corrections were applied to match the photometries.
The effect of colour inhomogeneities on the amplitude ratios were tested by determining them using the different colours of all the available multicolour observations. The results are shown in Table 8. It can be seen, that the colour dependence of the amplitude ratio is generally smaller than the other errors entering in the results.
Each data group were analyzed and fitted in the same manner as it was described in Sec. 3.5.3. The only difference is the number of used Fourier harmonics in the case of photographic measurements (2-3).
In the top panels of the Figure 15 it can be seen that all studied RRd stars have a well defined amplitude ratio within the fitting error. Neither mode switching nor severe amplitude ratio modification were found.
Notes on individual stars
V4 Two RRab stars are separated by less than 0.
′′ 5 (Guhathakurta et al. 1994 ) with periods of 0.585029 and 0.593069 days, respectively. V5 The only star for which period of Blazhko cycle was estimated previously. The value of 194.551 days given by Panov (1980) seems to be not valid for CCD data. Unfortunately, determining correct period was unsuccessful.
V10 As opposed to C98 we can confirm light curve variations reported by Szeidl (1965) . The star has a clearly visible Blazhko type amplitude modulation.
V18 Although, by earlier catalogues this star was classified as a Blazhko type RR Lyrae we could not detect such a behaviour on the basis of all available data sets (K98, CC01, H05 and present work).
V22 The light curve variations are certain from both available CCD photometries (CC01 and this work).
V23 Its brightness in band I is too high. V29 The star is close to the V155. The period given by C98 is an alias. CC01 interchanged V155 with V29. V29 is a short period RRab with strong phase modulation.
V54 We agree with Szeidl (1965) that the star shows the Blazhko effect clearly, albeit by newer sources (e.g. Clement et al. 2001, CC01) this fact was neglected.
V44 CC04 reclassified it as an RRc variable star, but we agree with the earlier work CC01 and the classification type as RRab with Blazhko modulation.
V70 The star lies definitely above the horizontal branch and it has an RRc like light curve with an unusually long period. It might be an evolved RR Lyrae stars like V129, V170 and V261. We cannot find a common period with any of the C98, K98 nor CC01. This indicates strong period changes.
V77 Unusually short period RRab type star. As it was noted by CC01 its colour index B−V placed them slightly to the RRc side of the CMD. V95 This variable star was reported by the ROTSE I survey as a new one by Akerlof et al. (2000) as ROTSE1 J134159.98+282257.0.
V104 Combining CCD data (K98, CC01 and ours) on this star its Blazhko behaviour is obvious.
V114 Very few points. The star is lying far from the centre and out of most of our frames.
V122 See comments at V229. V129 Similar to V70. V140 It has a light curve modulation both in phase and amplitude as it was already mentioned by Szeidl (1965) . Most probably this star is an RRc with Blazhko effect. V146 C98, CC01 and CC04 have measured the V222 instead of this star.
V149 The light curve variability is evident both from ours and from CC01's data.
V155 CC01 have interchanged this star with V29. V168 In addition to V140 this star is another example for the Blazhko type RRc variables in the cluster.
V170 It is a variable star like V70. Unfortunately, it is merging with V136.
V172 We have found the period to be much shorter (∼ 0.543 d) than it was given by The Catalogue (0.594 d) unless they accidentally reversed the last two digits. A possible phase modulation was detected as well. Szeidl (1965 Szeidl ( , 1973 , open circles: Kukarkin & Kukarkina (1961 , 1970 
V178
The pulsation frequency of the nearby V152 can be recognized clearly in the Fourier spectrum of V178. Modulation of V178 is probably caused by this neighbourhood.
V191 We reported here its evident Blazhko behaviour for the first time.
V207 S02 published a period 0.4291 d. We agree with CC01 in a much shorter one: 0.345307 d.
V211 The Blazhko effect noted in Table 4 is clearly seen in its phase diagram.
V218 shows Blazhko effect with large amplitude modulation. V221 S02 have suggested its period as 0.6098 d. Folding our data with the period 0.3787 d given by CC01 produced a slightly smaller scatter. The colour indices are those of type RRc stars. 6766 d) . Nevertheless this period is an alias! Preparing the phase diagram to this period two maxima and minima are seen within one cycle. Period 0.503982 d from our data yields correct phase diagrams for all data sets.
V242
Period of S02 0.6513 d is significantly different from the common period of CC04 and ours.
V250 As it was shown in Section 3.2, actually it is two overlapping variable stars.
V259 was found by S02 as an RRab star with the period of about a half a day. Our data fit is better with the RRc period of CC01 and CC04.
V261 is also an evolved star like V70, V129 and V170. V266 was not included in any of former time series studies. The period determined from our data suggest an RRc type star. The shape of the folded light curve shows also a normal first overtone mode pulsating RR Lyrae.
V270 It is two blended variable stars. See Section 3.2 for details.
SUMMARY
We have conducted the most extensive CCD BVI survey of variables in the globular cluster M3 covering 238 stars. Image subtraction photometric data transformed into the Johnson-Cousins magnitude scale, light curves, periods and average magnitudes were presented
• Varibility search In addition to our new variable stars published in Bakos et al. (2000) , we have discovered three further RR Lyrae stars. We also found four non-variable stars in the instability strip. Period, brightness were improved for most of the stars and several confused identifications were clarified.
• Color -magnitude diagrams At least three significant subgroups have been separated by hierarchical clustering method in the CMDs of the RRab stars. The identified three clusters agree well with previous studies of Jurcsik et al. (2003) and with CC05 when we contract the appropriate clusters to 2 groups from our three ones or 3 from the four subgroups separated by Jurcsik et al. (2003) .
• Period -brightness relations A clear correlation have been found between period of RRab stars and their I magnitudes. The relation is in good agreement with synthetic horizontal branch calculation published by Catelan et al. (2004) .
• Modulated RR Lyrae stars We identified 66 modulated (Blazhko) RR Lyrae stars in our sample where five of them are new discoveries. For six stars the ambiguous Blazhko classification have been verified. Two modulated RRc variable stars were found in the cluster. By combining the available CCD data modulation periods were estimated for 13 Blazhko star for the first time.
• Double mode RR Lyraes Investigating the Fourier spectra of V252 its double-mode pulsation has been confirmed. Analyzing all available photometric data on RRd stars of the cluster no undoubted modal content change, neither on shorter nor longer time scales have been detected except for the case of V79. It was shown, that to detect a mode-switching it is practically impossible from available CCD photometric materials containing observing runs from 1-3 seasons.
At the end of this paper we would like to call the attention to the necessity of further long CCD time series observation of the variable stars of M3. To answer the question of modal changes of the double-mode variable stars or to find correct period for all modulated stars and many similar problems need long-term, homogeneous and high precision photometry. 
